SUMMARY Reduction in heart rate during submaximal exercise is often used to judge the progress of patients with ischaemic heart disease in the course of a physical training programme. Some patients, however, are treated with beta adrenergic blocking drugs and it remains controversial if chronic beta blockade influences the effects of training and if heart rate remains a useful guide in the evaluation of the state of training of these patients.
The cardiorespiratory effects of physical training have been intensively studied in normal subjects and include increases in both maximal oxygen uptake and maximal pulmonary ventilation, an increase in the anaerobic threshold, and reductions in heart rate and possibly blood pressure at rest and at submaximal work. ' Physical training has been used in the rehabilitation of patients with ischaemic heart disease, with roughly similar cardiorespiratory effects. 23 The reduction in heart rate during submaximal work is often used to judge the progress of the patient during the programme. Some of these patients, however, are taking beta adrenergic blocking drugs for hypertension, angina, or other disorders. It remains controversial if chronic beta blockade influences the effects of trainAccepted for publication 2 March 1982 ing and if heart rate remains a useful guide in the evaluation of the state of training of these patients.4s Therefore, in the present study, we compare the cardiorespiratory effects of training in two groups of patients with ischaemic heart disease: one group treated with beta blockers and the other without.
Subjects and methods (1) SUBJECTS
The study was performed on male patients who were referred to the cardiac rehabilitation unit eight or more weeks after they had suffered from a myocardial infarction. Thirty patients were studied and they all fulfilled the following criteria: no alteration of medication during the The data were analysed separately for the patients treated with and those without beta blockers, at rest in the sitting position, at the work rates of 20, 50, 80, and 110 Watts which were performed by all, and at the final work rate. For statistical analysis, observations during the last five minutes in the sitting position were used, and during exercise the data of the last minute at each Training reduced both heart rate and blood pressure. Fig. 1 summarises the absolute levels of heart rate. In Fig. 2 to Ithe post-training evaluation for heart rate and systolic blood pressure, at rest in the sitting position and at 20, 50, 80, and 110 W are illustrated for both subgroups. For resting and exercise data (20 W to 110 W) combined, the 95% confidence limits of the traininginduced reductions in heart rate and in systolic blood pressure were, respectively, 6-2 to 8-6 beats/min and 11-4 to 15-8 mmHg for the patients on beta blockers and 8-8 to 12-1 beats/min and 6 to 11-5 mmHg for those without such treatment. These changes were significant (p<0-001 for all) in each subgroup, when three-way analysis of variance was applied, taking (1) resting and exercise conditions (levels of physical activity), (2) subjects, and (3) training into consideration. In general the effects of training appear to be more pronounced with increasing levels of physical activity. When the two subgroups were compared it was found that the training-induced changes of heart rate in the beta blocked group were significantly (p<0-O1) less than in the group without beta blockers. Table 3 summarises the peak data for the two treatment groups. Heart rate, rate pressure product, oxygen uptake, carbon dioxide output, and pulmonary ventilation were significantly increased in both subgroups after training. The increase of systolic blood pressure was only significant in patients without beta blockers. The respiratory exchange ratio and the respiratory equivalent for oxygen were not different before and after training. Overall the results were similar and not significantly different for the patients with and those without beta blockers.
Discussion (1) EFFECTS OF TRAINING
The data demonstrate the effectiveness of the training programme and are in agreement with previous reports on physical training in normal subjects and in cardiac patients. At rest and at submaximal levels of exercise, heart rate, systolic blood pressure, and the rate pressure product were reduced, which is in agreement with previous reports,8-'3 except for systolic blood pressure in some studies. 14 15 In both groups the patients were able to support a higher level of cardiac work since the peak values of these variables were higher after training compared with before training, whereas the respiratory exchange ratio and the respiratory equivalent for oxygen were not statistically different. After training the pre-training peak values of the rate pressure product were reached at a 21% higher oxygen uptake. This suggests that after training, a higher work rate can be attained with a similar myocardial oxygen consumption, since the product of 36
Vanhees, Fagard, Amery group.bmj.com on October 30, 2017 -Published by http://heart.bmj.com/ Downloaded from heart rate and systolic blood pressure is well correlated with the oxygen uptake of the heart. 16 Total body oxygen uptake at submaximal work is not affected by training, in agreement with an unchanged mechanical efficiency.23 17 From 80 W on, however, carbon dioxide output, pulmonary ventilation, and the respiratory exchange ratio were lower after training, suggesting a reduced contribution of anaerobic metabolism to the energy production.'8 Peak oxygen uptake increased significantly after training by, on average, 35% in both groups. Since the subjects could attain a similar respiratory exchange ratio, carbon dioxide output and consequently pulmonary ventilation attained higher values, a well recognised effect of training.'5 (2) EFFECTS OF BETA ADRENERGIC BLOCKADE Fifteen patients were on treatment with beta adrenergic blocking agents for at least six weeks before the study. Since heart rate was not measured during a similar exercise test before the drug was started, the degree of beta blockade cannot be ascertained; however, the pretraining heart rate of these patients in the sitting position at rest, which averaged 66 beats/min, is 15% lower than the heart rate of the patients who did not receive beta blockers. Overall these data show that training effects can be achieved in patients on beta blockers. This indicates that the intensity of exercise during the training sessions is adequate. It has been suggested that beta blockers limit exercise capacity.19 Our data cannot answer this problem but at least a sufficient degree of exercise intensity can be achieved to obtain training effects.
(a) Respiratoy variables Beta adrenoceptor blockade did not influence the effects of training on the respiratory variables which is in accordance with Obma et al. Sbut not with Malmborg et al. 4 The number of patients in the latter study was small, however, and the training intensity low. In the present study the effects of training on aerobic and anaerobic metabolism were similar whether or not the patients were treated with beta blockers. This is in accord with studies of Wasserman et al.20 who showed that neurogenic factors did not play an important role in the ventilatory control during exercise.
(b) Cardiovascular variables Endurance training reduced heart rate, which is considered the result of altered sympatheticparasympathetic tone. Parasympathetic blocking agents such as atropine have been shown to increase the pre-and post-training heart rates to a similar extent at rest,2' but the increase at submaximal exercise was greater after training; these findings suggest an increased parasympathetic tone in response to training, at least during exercise. An augmented vagal tone was also shown in trained rats. 22 23 On the-other hand, the reduction of heart rate by the beta adrenoceptor blocker propranolol was less pronounced after than before training, suggesting reduced sympathetic tone after training,2' which is in accordance with the observed decrease of plasma noradrenaline levels.2425
In the present study heart rate decreased significantly after training in patients on chronic treatment with beta adrenoceptor blockers, and the decreases of heart rate were close to, though significantly smaller than those of patients without such treatment. Since beta adrenoceptors were blocked throughout the study, though probably incompletely in a clinical setting, an increase of the parasympathetic tone is a more likely explanation for the observed exercise-induced bradycardia. The many other mechanisms which have been postulated such as ventricular hypertrophy, decreased sensitivity of cardiac adrenergic receptors, and intrinsic changes of the sinus node, can, of course, not be excluded.
The study thus shows that beta blockade does not influence the effects of physical training on various respiratory variables and that heart rate remains a useful guide for the evaluation of patients with ischaemic heart disease on treatment with beta adrenoceptor blockers throughout a physical training programme, provided that the degree of beta blockade remains unchanged.
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